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To quantify the HIV epidemic, the classical population-based prevalence and incidence rates (P rates) are the two
most commonly usedmeasures used for policy interventions. However, these P rates ignore the heterogeneity of
the size of geographic regionwhere the population resides. It is intuitive thatwith the sameP rates, the likelihood
for HIV can be much greater to spread in a population residing in a crowed small urban area than the same
number of population residing in a large rural area. With this limitation, Chen and Wang (2017) proposed the
geographic area-based rates (G rates) to complement the classical P rates. They analyzed the 2000–2012 US
data on new HIV infections and persons living with HIV and found, as compared with other methods, using G
rates enables researchers to more quickly detect increases in HIV rates. This capacity to reveal increasing rates
in a more efficient and timely manner is a crucial methodological contribution to HIV research. To enhance
this newly proposed concept of G rates, this article presents a discussion of 3 areas for further development of
this important concept: (1) analysis of global HIV epidemic data using the newly proposed G rates to capture
the changes globally; (2) development of the associated population density-based rates (D rates) to incorporate
the heterogeneities from both geographical area and total population-at-risk; and (3) development of methods
to calculate variances and confidence intervals for the P rates, G rates, and D rates to capture the variability of
these indices.

© 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In response to theU.S. President's Emergency for AIDS Relief (PEPFAR)
initiative that seeks to end theHIV/AIDS epidemic, extensive research and
comprehensive assessment measures have been developed to assess the
impact of the HIV/AIDS epidemic and the changing rates of HIV transmis-
sion (U.S. Department of State, 2012). These measures have been used to
better inform the development of evidence-informed interventions and
policy makers' decisions related to funding for HIV programs.

One of the most important measures is the classical population-
based incidence rate and prevalence rate—commonly called P
rates—that has been widely used as the traditional epidemiologic mea-
sure to provide quantitative data on the total number of infections, inci-
dence, and prevalence among the total population. Specifically, the two
population-based P rates, P incidence rate (P.IR) and P prevalence rate
(P.PR), are defined as follows:

P:IR ¼ Newly infected persons in a yearð Þ= Population‐at‐risk in 100;000ð Þ
ð1Þ
en access article under the CC BY-NC
P:PR ¼ All infected persons in a yearð Þ= Population‐at‐risk in 100;000ð Þ
ð2Þ

As seen from the formulae above, the P rates are scaled by the total
population-at-risk, and therefore, P rates are heavily dependent on the
heterogeneity of the population-at-risk. For example, as reported by
the U.S. Centers for Disease Control and Prevention (CDC), the P.PR in
the United States during 2014 was 18.5/100,000; this calculation ex-
presses the ratio of the 1,218,000 persons living with HIV (PLWH)
over the total U.S. population. However, the P.PR for Botswana in 2014
had amuchhigher value of 25,200/100,000 although theBotswana pop-
ulation had a much smaller number of PLWH than the United States
(39,000 vs. 1,218,000 respectively). Therefore, to better reflect the im-
pact of HIV on the total population, the P rates should be refined to ac-
count for geographic heterogeneity based on the fact that geographic
area size plays a crucial role in the HIV/AIDS epidemic. It is intuitive
that for the same P rates, the likelihood can be much greater for HIV
to spread from one to another in a population residing in a crowed
small urban area than the same number of population residing in a
large rural area. Simply mapping a P rate by geographic areas does not
provide complete information about geographic differences of the
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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HIV/AIDS epidemic, underscoring the need for newmeasures (Chen and
Wang, 2017).

This knowledge gap is filled by the G rates proposed by Chen and
Wang (2017), which incorporate the geographical heterogeneity and
define the geographic area-based incidence rate and prevalence rate
(i.e., G rate) as the number of persons newly infected or living with
HIV in one year within a jurisdiction or region over the total geographic
area. Moreover, Chen andWang used the defined G rates to assess inci-
dence (i.e., G incidence rate or G.IR) and prevalence (i.e. G prevalence
rate or G.PR) of HIV. Specifically,

G:IR ¼ Newly infected in one yearð Þ= Total geographical area in 1000 km2
� �

ð3Þ

G:PR ¼ Total infected in one yearð Þ= Total geographical area in 1000 km2
� �

ð4Þ

Ultimately, these G rates measure the geographic density of a dis-
ease. In addition to using the G rates to quantify the HIV/AIDS epidemic,
the G rates can be used to analyze incidence and prevalence of many
other diseases, thus informing public health planning and decisionmak-
ing. G rates utilize the total geographic area of a region, thereby enhanc-
ing the classical P rates with the total population-at-risk as the
reference. However, we caution the researchers that the use of geo-
graphic incidence/prevalence rates should limited to homogenous
areas.

In their paper, Chen andWang effectively demonstrated the applica-
bility of their proposed G rates using data on new HIV infections and
persons living with HIV in the United States during 2000–2012. The au-
thors used theG rates to evaluate rates of HIV infection across individual
U.S. states and in relation to the geographic size of each state. Based on
their analyses of the U.S. sample, Chen and Wang concluded that the G
rates time trends revealed increases in HIV transmission more quickly
than did the P rates. The ability to detect changes and trends earlier in
time has important implications for informing the design and imple-
mentation of strategically targeted, precision interventions needed to
achieve the goals of the AIDS-Free Generation initiative (U.S.
Department of State, 2012; UNAIDS, 2010). The cross-plot of P rates
with G rates in Fig. 3 from Chen and Wang (2017) is a masterpiece!

2. Comments and discussions

To enhance the newly proposed G rates, I offer three suggestions for
further development of this important new measure.

2.1. Analyze global HIV epidemic data using G rates

As demonstrated in Chen and Wang (2017), G rate analysis has the
capacity to capture geographical heterogeneity that conventional P
rates cannot. Although Chen and Wang presented an analysis of U.S.
data, those data aremore homogenous thanworldwide data. Therefore,
analysis of worldwide HIV data would provide an even better demon-
stration of the superior capacity of G rates. In fact, global HIV epidemic
data are available from UNAIDS (http://aidsinfo.unaids.org/).

2.2. Fully develop the D rates

Chen andWang (2017) briefly discussed the concept of D rates that
would synchronize and standardize the effects from both the total
population-at-risk (i.e., the effects from the P rates) and the total geo-
graphic area at risk (i.e., the effects from the newly proposed G rates).
Given that the D rates would incorporate the heterogeneities from
both geographical area and total population-at-risk, I recommend
defining the D incidence rate (D.IR) and D prevalence rate (D.PR), as
follows:

D:IR ¼ Newly infected in one yearð Þ= population densityð Þ

D:PR ¼ Total infected in one yearð Þ= Population densityð Þ

These D rates can be represented by the G rates and P rates as
follows:

D:IR ¼ Newly infected in one yearð Þ= Total population‐at‐risk=Total geographical areað Þ
¼ P:IR� Total geographical areað Þ
¼ G:IR� Total geographical areað Þ2= Total population‐at‐riskð Þ

ð5Þ

D:PR ¼ Total infected in one yearð Þ= Total population‐at‐risk=Total geographical areað Þ
¼ P:PR� Total geographical areað Þ
¼ G:PR� Total geographical areað Þ2= Total population‐at‐riskð Þ

ð6Þ

2.3. Develop statistical confidence intervals for the P rates, G rates, and D
rates

To capture the statistical variability of HIV/AIDS data with measure-
ment errors, researchers will needmeasures of variance and confidence
intervals (CIs) for these rates. This enhancement can be accomplished
based on the standard statistical theory. In fact, P rates can be treated
as binomial-distributed data and the G rates as Poisson distributed
data (Casella and Berger, 2002; Chen et al., 2017), and D rates are
derived from the two.

To illustrate the implementation, formulae are developed and
presented below for calculating the variances and CIs of P.IR, G.IR and
D.IR. These formulae can be similarly adapted to estimate variance and
CIs for P.PR, G.PR, and D.PR.

2.3.1. Variance and 95% CI for P incidence rate
For the P incidence rate (i.e., P.IR), the variance can be estimated as

follows:

var P:IRð Þ ¼ P:IR� 1−P:IRð Þ
Population at Risk

: ð7Þ

From the estimated variance in Eq. (7), the 95%CI can be constructed
as ðP:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðP:IRÞp
; P:IRþ 1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðP:IRÞp Þ.

2.3.2. Variance and 95% CI for D incidence rate
Since the D incidence rate (i.e., D.IR) can be directly calculated from

the P incidence rate, as seen in Eq. (5), its variance can then be formulated
as var(D . IR)=var(P . IR)×Total Geographical Area2; the associated 95%
CI would be ðD:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðD:IRÞp
; D:IRþ 1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðD:IRÞp Þ:

2.3.3. Variance and 95% CI for G incidence rate (G.IR)
The G.IR is calculated using the data on the new cases of infection

from a given geographical area. If the number of newly infected cases
is regarded as Poisson counts, the variance of G.IR can be formulated
based on the statistical property of Poisson distribution where the vari-
ance equals the mean, that is,

var G:IRð Þ ¼ Newly Infected Cases

Total Geographical Area2
¼ G:IR

Total Geographical Area
: ð8Þ

Consequently, the 95% CI for G.IR can be constructed using the es-
timated variance in Eq. (8), which is ðG:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðG:IRÞp
; G:IRþ

1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðG:IRÞp Þ.

http://aidsinfo.unaids.org
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2.4. Numerical illustrations

For illustration, consider the data from Alabama as reported in
Table 1 from Chen and Wang (2017). The total geographical area of Al-
abama is 131,171 km2, the total population-at-risk is 4,022,346, and the
G.IR is 4.88/1000 km2. Based on Eq. (3), the newly infected HIV cases
would be 4.88 × 131,171=640; this number (640) will be used for cal-
culating variances and CIs.

2.4.1. Calculations for P incidence rate (P.IR)
Again using the Alabamadata,we can calculate the P.IR using Eq. (1),

which is P.IR = 640/4,022,346 × 1000 = 0.159/1000 population; this
calculation reproduces the value in Table 1 of Chen and Wang (2017).
Its variance can be calculated using Eq. (7):

Var P:IRð Þ ¼ 0:1591� 1−0:1591ð Þ
4;022;346

� 1;000 ¼ 3:326� 10−5: ð9Þ

In the above calculation (Eq. 9), the P.IR is scaled within 0 and 1 so
that Eq. (7) can be applied. With this estimated variance, the 95%
CI can be calculated as ðP:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðP:IRÞp
; P:IRþ 1:96�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðP:IRÞp Þ ¼ ð0:1591−1:96 �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3:326 � 10−5

p
; 0:1591þ 1:96�ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

3:326� 10−5
p

Þ ¼ ð0:1478;0:1704Þ. We can conclude that the P.IR
rate for Alabama in 2012 was 15.91 with 95% CI [14.78, 17.04] per
100,000 people.

2.4.2. Calculations for D incidence rate (D.IR)
Since the D.IR is directly related to the P.IR as defined in Eq. (5),

we can make use of the calculations above for the P.IR to obtain the
estimated D.IR, its variance, and the associated 95% CI, that is, D:IR ¼
0:1591� 131;171

100;000 ¼ 0:2087(unit of 100 people per km2) and its var

ðD:IRÞ ¼ 3:326� 10−5 � ð131;171100;000Þ
2 ¼ 5:723� 10−5; the associated 95%

CI can be calculated as ðD:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðD:IRÞp

; D:IRþ 1:96�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðD:IRÞp Þ ¼ ð0:2087−1:96 �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
5:723 � 10−5

p
; 0:2087 þ 1:96 �ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

5:723� 10−5
p

Þ ¼ ð0:1939;0:2235Þ.
2.4.3. Calculations for G incidence rate (G.IR)
The estimated G:IR ¼ 640

131;171 � 100 ¼ 0:4879 /100 km2 and the

variance can be calculated based on Eq. (8) as varðG:IRÞ ¼ 640
ð131;171=100Þ2

¼
3:7197� 10−4. Consequently the 95% CI for G.IR can be obtained as

ðG:IR−1:96� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðG:IRÞp

; G:IRþ 1:96 � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
varðG:IRÞp Þ ¼ ð0:4879 −

1:96�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3:7197�10−4

p
; 0:4879þ1:96�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3:7197�10−4

p
Þ ¼ ð0:4501;

0:5257Þ.

3. Conclusion

The G rates proposed by Chen and Wang (2017) are an important
contribution to public health research and fill a critical knowledge gap
by capturing geographic heterogeneity. The enhancements to the G
rates proposed in this article will allow researchers to fully exploit the
superior capacity of the G rates to detect changes in infection rates of
a disease, thus better informing the decision making of public health
officials.
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